Abstract Pyogenic spondylitis can be life-threatening for elderly patients. To discuss the characteristics of the disease in the elderly, medical records of 103 consecutive cases of pyogenic spondylitis were reviewed. Of these, 45 cases were 65 years of age or older, and these 45 cases were enrolled into further study. In this study, the proportion of elderly patients among the total number with pyogenic spondylitis was 43.7%, and this figure has increased with the passing of time as follows: 37.5% (1988-1993), 44.4% (1994-1999), and 55.5% (2000)(2001)(2002)(2003)(2004)(2005). The microorganisms were isolated in 16 cases: Staphylococcus aureus in 13 cases (including methicillin-resistant Staphylococcus aureus in nine) and others in three. Twenty-five patients had associated diseases: diabetes in 18 patients and malignant tumors in seven. Thirty patients were treated conservatively, and 15 patients underwent surgery. Twenty-six patients had paralysis. All 15 patients treated surgically, and eight of the 11 patients treated conservatively showed improvement in paralysis. Bone union was achieved in all cases except one. Our results indicate that a good outcome can be expected from conservative treatment in elderly patients as well as the young.
Introduction
Pyogenic spondylitis often occurs in people with reduced resistance, so-called compromised hosts. Despite recent developments in chemotherapy, pyogenic spondylitis can be life-threatening for elderly patients, many of who have reduced resistance and various concomitant diseases. In recent years, because of the increasing proportion of elderly people in the population, the occurrence of pyogenic spondylitis among the elderly is no longer a rare phenomenon. Recently reported percentages of elderly patients among total cases of pyogenic spondylitis treated surgically are 42% [3] , 46% [5] , 39% [11] , and 40% [15] . Although details of surgical techniques and their favorable results were well described in these reports, patients who had been treated conservatively were not included. Therefore, the demographics of all elderly patients with pyogenic spondylitis, characteristics of the disease, and the outcome following conservative treatment still remain unclear. Because Japan is the most aging society in the world, with elderly people of 65 years or older constituting more than 20% of its population and given that most advanced countries will likely be faced with the same situation in the near future, it is useful to study the demographics, characteristics, and clinical outcomes of pyogenic spondylitis in the elderly in Japan.
The current study was designed to clarify the following: (1) the demographics, namely the gender and proportion of elderly patients, and how these change overtime, (2) characteristics of the disease: causative organism, associated diseases, type of onset, and affected level, and (3) treatment methods and their outcomes.
Materials and methods
We retrospectively reviewed 103 consecutive patients who underwent treatment in our hospital for pyogenic osteomyelitis of the spine during 1988-2005. Forty-five of these patients were 65 years of age or older, and these cases were the subjects of this study. All patients were followed until death or a minimum of 10 months after admission (average 31 months; range 10-90 months). Medical records of these 45 cases were reviewed for demographics including age and gender, characteristics of the disease, including organism isolated, associated diseases, type of onset (acute, subacute, insidious) [4, 10, 12] , and affected level. Treatment methods chosen and their outcomes, including improvement in pain (improved, unchanged, deteriorated) and paralysis [severe motor loss (unable to walk), mild motor loss (able to walk), numbness only, normal] were also analyzed. Achievement of bone union in all patients was evaluated with roentgenograms by the same investigator, who did not participate in the treatment in this series. Bone union was determined by trabecular continuity or bridging callus between vertebral bodies on the anteroposterior view or lateral view, or no detectable motion on the flexion-extension lateral view. The radiographs were examined in random order, and all patients' names and other identifying marks were obscured.
Results
Forty-five of the 103 patients were 65 years of age or older (43.7%), and this figure has increased with the passing of time as follows: 37.5% (1988) (1989) (1990) (1991) (1992) (1993) , 44.4% (1994) (1995) (1996) (1997) (1998) (1999) , and 55.5% (2000) (2001) (2002) (2003) (2004) (2005) . These 45 patients consisted of 28 males and 17 females, whose age at the time of admission ranged from 65 to 93 years (average 71 years).
The diagnosis of pyogenic spondylitis was based on clinical presentations, hematological examinations (elevated erythrocyte sedimentation rate, C-reactive protein, and white blood cell count), imaging findings (radiographs, magnetic resonance imaging, and computed tomography), and results of treatment.
The most prevalent bacteria was methicillin-resistant Staphylococcus aureus (MRSA) (9/45 cases), and the incidence of diabetes was particularly high (18/45 cases). The causative microorganism was identified in 16 cases. The microorganism was Staphylococcus aureus in 13 cases (including methicillin-resistant Staphylococcus aureus (MRSA) in nine), Escherichia coli in two, and Candida in one. The bacteria were detected from samples taken during the operation in four cases, from biopsy samples in six cases, by blood culture in two cases, by sputum culture in two cases and by urine culture in two cases (Table 1) . Twenty-five of the patients had associated diseases, diabetes in 18 patients, malignant tumors in seven patients, pyelonephritis in two patients, and renal failure, esophageal rupture and chronic hepatitis in one patient each ( Table 2 ). The onset may be acute, subacute, or insidious [4, 10, 12] , and our 45 subjects were composed of 27 acute cases with sudden onset of fever of 38°C or higher (range 38.0-39.5°C, average 38.7°C) and severe pain, 11 subacute cases with fever of less than 38°C (range 37.0-37.8°C, average 37.4°C) and moderate pain followed by a relatively mild course, and seven insidious cases with mild pain and unknown time of onset (Table 3 ). There were five cervical, eight thoracic, six thoracolumbar, and 26 lumbar lesions. Forty-three patients had single-level disease, and two had multilevel involvement; one of these two had double-level disease, and the other one had two separate levels of disease (Table 4) .
Favorable outcomes from conservative treatment as well as surgical treatment were obtained. Conservative treatment was applied in principle (30 patients), and surgical Lumbar 26 treatment was performed in patients in whom spinal paralysis occurred and in whom segmental instability persisted and in patients who did not respond to conservative treatment (15 patients) . No response to conservative treatment was declared when erythrocyte sedimentation rate, C-reactive protein, and pain severity did not decrease or stopped decreasing for a few weeks. Conservative treatment consisted of immobilization of the spine by a hard corset and administration of antibiotics. Patients were allowed to stand and walk with a hard corset. Antibiotics were generally administered for 2 or 3 months after the erythrocyte sedimentation rate had normalized. Surgical treatment consisted of radical excision of the lesion followed by anterior fusion with autologous iliac bone graft in 13 patients (also with posterior spinal fusion with instrumentation in three cases) and posterior spinal fusion with instrumentation alone in one patient (Fig. 1) . In one patient who had a history of surgery for pancreatic cancer, an anterior approach to the vertebral body was not possible due to strong adhesion of the peritoneum, and therefore posterior decompression was carried out for removal of an epidural abscess causing paralysis. All 45 patients had pain in the neck or back before treatment. The pain improved in 43 of those patients after the completion of antibiotic administration or after surgery. The pain remained unchanged in the other two patients, and there were no cases showing increased pain. Twenty-six of the patients had paralysis before treatment, and 15 of these 26 underwent surgery for treatment of the paralysis. Conservative treatment for the patients with paralysis was performed in 11 cases because of poor general condition or because consent for surgery was not obtained. The paralysis was improved in all of the patients who underwent surgery except one. The paralysis was improved in eight of the 11 patients who received conservative treatment but remained unchanged in the other three. Paralysis did not occur after surgery or conservative therapy in any of the 19 patients who did not have paralysis before treatment (Fig. 2) . Two patients died. One of those patients, who refused to receive any medical intervention and stopped eating, died from lack of nutrition at 2 months after admission. The other patient died from pancreatic cancer during the course of treatment for pyogenic osteomyelitis of the spine at 4 months after admission. At the time of the latest followup, bony union was observed in 42 of the 43 survivors, and in the other survivor, bony union was not observed at 10 months after surgery although the erythrocyte sedimentation rate had normalized, and the patient reported no pain in his back. In this case, radical excision of the lesion followed by anterior fusion with autologous iliac bone graft had been performed. Instrument had not been used. We could not have longer follow-up than 10 months because the patient moved to another district. Residual kyphosis was observed in patients treated conservatively, but it was not clinically relevant. The mean kyphotic angle in patients treated conservatively was 5.6°(range -2°to 27°) in lumbar lesion and 14.3°(range -8°to 23°) in thoracic lesion.
Discussion
We designed the current study to clarify the demographics of pyogenic spondylitis, particularly the proportion of elderly patients and how this proportion has changed with the passing of time due to the dramatic increase in the elderly population in Japan. Outcomes from conservative treatment for elderly patients with pyogenic spondylitis were also of particular interest to us. The major limitation of the current study was that due to its retrospective design, improvement in pain and paralysis could only be roughly assessed from medical records.
Large differences in the percentages of elderly patients with pyogenic spondylitis are reported in the English literature: 46% (60 years of age or older) [2] , 16.5% (61 years of age or older) [12] and 42% (65 years of age or older) [3] . These differences are thought to be partially due to national variations in the percentage of aged people in the population and also due to the year of study. Previous reports have indicated that the proportions of patients aged 60 years or more among pyogenic spondylitis cases in Japan are: 16% [8] , 14% [18] , and 47% [13] . In our series, the number of patients aged 60 years or older was 54 (52% of the 103 patients). Thus, the percentage of elderly patients with pyogenic spondylitis in Japan has been increasing year by year and is now about 50% of total cases. This increase is ascribed to the increasing ratio of aged people in the Japanese population. The ratio of aged people (65 years of age or older) in Japan has increased from 9.1% in 1980 to 17.4% in 2000, an increase of almost twofold in the past two decades. The ratio of aged people is expected to further increase to 22.5% in 2010 and to 27.8% in 2020 [14] . It is therefore expected that the incidence of pyogenic spondylitis in elderly people in Japan will continue to increase. The causative microorganism identified in 16 cases included Staphylococcus aureus in 13 cases, and the bacteria in nine of those 13 was MRSA. Since most cases of MRSA infection occur in hospitals, due consideration should be given to the risk of spondylitis occurring from cross-infection with MRSA in elderly hospitalized patients. Cases of pyogenic spondylitis with MRSA in elderly patients have been increasing recently, as indicated by the occurrence of five such cases among the nine pyogenic spondylitis patients in the past 6 years in our series. It is not surprising that we only identified the causative germ in just 16/45(35.6%) patients. 35.6% is not very low. There are many papers reporting similar ratio: 13.1% [12] , 28.6% [1] , 51.7% [15] , 28.9% [13] , and 27.9% [17] .
Since many elderly people have reduced immunity accompanying various diseases, they are susceptible to infectious diseases such as pyogenic spondylitis. Twentyfive (56%) of our 45 patients had associated diseases. The incidence of diabetes was particularly high (18/45 cases). Perronne et al. [16] reported that 18% of their patients with pyogenic spondylitis had diabetes and suggested that diabetes is one of the main contributory factors. Attention must be paid to diabetes as a risk factor for pyogenic spondylitis since its incidence is increasing year by year [6] .
Eighteen (40%) of the 45 patients aged 65 years or older had subacute or chronic pyogenic spondylitis. Diagnosis is often delayed in such patients because the time of onset is not clear. Particular attention should be paid to elderly people since many elderly people have neck or back pain due to degenerative diseases.
Conservative treatment with immobilization and systemic administration of antibiotics is the first choice of treatment for pyogenic spondylitis. In our series, bony union at the affected site and alleviation of pain were obtained in all patients treated conservatively. Thus, a good outcome from conservative treatment can be expected in elderly patients as well as the young. However, in elderly patients, attention should be paid to the possible occurrence of secondary complications caused by bed rest, such as pneumonia, urinary tract infection, bedsores, and dementia. Selection of an appropriate antibiotic is important for conservative treatment. Antibiotics to which the bacteria are sensitive are naturally the first choice in cases in which the causative bacteria has been identified, but selection of antibiotics for cases in which the causative bacteria has not been identified is difficult. We mainly used second-generation cephalosporin with broad spectrum in our patients, and combination therapy with vancomycin was used in cases in which MRSA was the causative bacteria. Care must be taken when using vancomycin in elderly patients because of diarrhea as a side effect and potential renal dysfunction, and therefore, the serum concentration of vancomycin should be monitored during the period of administration. The optimal duration of antibiotics use remains controversial because no randomized clinical trial comparing short with longer treatment course has been undertaken. However, Asamoto [1] reported that 2 months use of antibiotics after normalization of laboratory data was sufficient, and Kourbeti [9] suggested 6-8 weeks minimum up to 3 months antibiotic treatment. Previously reported incidence of paralysis in patients with pyogenic spondylitis are relatively low: 5.2% [12] , 7.1% [3] , 8% [8] , 9.5% [18] , and 18% [13] . The incidence of paralysis was high in our patients aged 65 years or older (26/45, 58%) but was low in patients of less than 65 years of age (10/58, 17%). Sakate et al. [17] reported that paralysis occurred in 35% of their patients aged 60 years or older but in none of their patients aged less than 60 years. Thus, spondylitis in elderly patients is characterized by a high incidence of paralysis, and this is thought to result from the high incidence of spinal canal stenosis, spinal deformity, and susceptibility to neural tissue damage in elderly people.
Candidates for surgical treatment include patients in whom paralysis has occurred and patients in whom bone destruction or segmental instability has progressed. In our series, the primary indication for surgery was paralysis, not segmental instability. It is thought to be due to high incidence of paralysis in elderly patients described above. Paralysis due to epidural abscess often occurs relatively early before segmental instability progresses.
Surgery cannot be performed in some elderly patients who are candidates for surgical treatment because of poor general condition or because of refusal by the patient or a member of the patient's family to give consent to surgical treatment. In our series, conservative treatment was performed for 11 of the 26 in whom paralysis occurred. The paralysis was improved by conservative therapy in eight of those 11 patients. The amelioration of paralysis was thought to be due to the disappearance of a preexisting epidural abscess and relief of nerve compression (Fig. 3) . We have the impression that the time to expect neurological improvement in patients treated conservatively is 2-8 weeks. However, it is impossible to identify the exact time of beginning of neurological improvement from medical records. This is a limitation of the current study due to retrospective design. Our results indicate that paralysis can be improved even by conservative therapy in patients in whom an abscess is the cause of paralysis.
